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1. Introduction 
ANS, 8-anilinonaphthalene-I-sulfonic,acid, fluo- 
rescence changes have been shown to measure struc- 
tural transitions of proteins [ 141. In the mitochon- 
drial membrane ANS fluorescence changes can be 
induced by ATP, succinate or NADH [5-71. In the 
lobster axon, they are parallel to the action potential 
[8], and in the membrane of microsomes [9, IO] they 
can be induced by ions. ANS fluorescence changes in 
the fragments of the electric organ of Electrophorus 
[ 111 have also been described. 
Changes in the ANS binding upon attainment of 
the energized state have been measured in mitochon- 
dria and submitochondrial particles and have been 
attributed to a charge change of the mitochondrial 
membrane [ 12, 131. Intrinsic changes of membrane 
hydrophobicity have been considered also to occur 
in the energized state of the mitochondrial membrane 
1141. 
The energized state in Rhodospirillum rubrum 
chromatophores can be obtained by light, ATP or PPi 
[ 15,161. Spectral changes of endogenous carotenoids 
in chromatophores, obtained in the darkby addition 
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of PPi or ATP, have been.found to be associated with 
energy.conservation [17]. The rapid kinetics of this 
carotenoid band shift has been shown to be concom- 
itant with redox changes of cytochromes [ 171. 
In the present study, an interaction of ANS with 
membranes of Rhodospirillum rubrum chromato- 
phores has been discovered and investigated, together 
with an effect of ATP and PPi on the dye fluorescence. 
2. Materials and methods 
Fluorescence changes of ANS were measured in an 
Eppendorf fluorometer. Excitation light was filtered 
through a 366 nm interference filter, emission light 
through a Wratten 2E gelatin filter. Fluorescence 
changes were recorded on a Hitachi Perkin Elmer 
potentiometric recorder. Rhodospirillum rubrum 
chromatophores were grown and prepared as pre- 
viously described [ 181. ANS (from K and K) was 
recrystallized twice from hot solutions of its Mg salt. 
All other reagents were analytical grade. 
3. Results 
3.1. Pyrophosphate and ATP induced ANS changes 
in the chromatophore membrane 
The addition of PPi or ATP to the membrane of 
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Fig. 1. Pyrophosphate induced ANS response in Rhodo- 
spirillum rubrum chromatophores. Experimental conditions: 
Rhodospirillum rubrum chromatophores (0.11 PM Bacteria 
chlorophyll) were suspended in 0.2 M glycyl-glycine pH 7.4, 
5 mM MgS04 and 53 rM ANS. 
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Fig. 2. ATP and pyrophosphate induced ANS response in 
Rhodospirillum rubrum chromatophores. Experimental con- 
ditions as in fii. 1. 
chromatophores has been shown to result, under 
the appropriate conditions, in a change in absorbance 
of carotenoids [ 121 in a reversal of electron transport 
[ 131, and in bromthymol blue absorbance changes 
[ 161. All these effects have been interpreted as a 
change in the energy state of the membrane. 
In fig. 1 the PPi induced response of the ANS 
fluorescence in chromatophores is reported. The ad- 
dition of 100 I.~M PPi to a suspension containing 0.11 
@I chlorophyll, 53 PM ANS and 5 mM MgSO, in- 
duces a 20% increase in the ANS fluorescence. One of 
the characteristics of this record is the half-time of 
the ANS response of about 30 sec. A second addition 
of PPi does not result in any significant further fluor- 
escence change. 1 @I FCCP, after.the two additions 
of PPi induced a reversal of the ANS fluorescence 
change with a half-time similar to that of the PPi in- 
duced change. An effect similar to that shown by 
FCCP in fig. 1 was exhibited by valinomycin in the 
presence of K+ ions. 
In the experiment of fig. 2 the effect of ATP on 
the fluorescence of ANS in chromatophores is reported. 
300 PM ATP induced an ANS fluorescence increase. 
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Fig. 3. ANS interaction with Rhodospirillum rubrum chrom- 
atophores in the presence and absence of pyrophosphate. Ex- 
perimental conditions as in fg. 1. ANS was added at the con- 
centration indicated in the fire. 
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100 PM PPi added subsequently produced a further 
fluorescence increase, twice as large as the ATP in- 
duced change. Half-times of ATP and PPi induced 
changes appear to be the same. 
of its environment [ 18, 191, the energy linked ANS 
fluorescence increase can be the result of an increase 
irrmembrane hydrophobicity. 
3.2. ANS interaction with the membrane of chrome 
tophores in the non-energized and in the energi- 
zed state 
The addition of ANS (50 PM) to a suspension of 
chromatophore membranes (fig. 3) in the absence of 
any added pyrophosphate, results in a rapid ANS 
fluorescence increase (limited by the response time of 
the recorder of about half a second) which is consis- 
tent with the binding of ANS in a hydrophobic en- 
vironment on the membrane. A smaller and slower 
fluorescence increase is also associated with binding 
of ANS to the membrane of chromatophores in the 
non-energized state. Addition of PPi (300 FM) in- 
duces the expected fluorescence increase, If PPi is 
added to thechromatophore membranes in the ab- 
sence of ANS and about 4 min are allowed to the 
membrane to become fully energized, on the addi- 
tion of ANS the rapid fluorescence increase appears 
to be unaltered, while the slow component appears to 
be increased several times and has kinetics and extent 
similar to the PPi induced change in the presence of 
ANS. 
A second possible interpretation is that energy 
conservation can be associated withan increased 
binding of ANS to chromatophores membranes. This 
interpretation would be consistent with similar bind- 
ing-changes of ANS in mitochondrial fragments as- 
sociated with energy conservation [ 12, 131. It would 
also be consistent with the binding changes of organic 
anions (ANS is anionic) observed by Skulachev and 
his co-workers in both mitochondrial fragments and 
Rhodospirillum rubrum chromatophores [20,2 l] . 
A more direct approach to the problem of the 
mechanism of ANS fluorescence change in Rhodo- 
spirillum rubrum chromatophores is afforded by the 
experiment of fig. 3. In this experiment it appears that 
the ANS fluorescence increase induced by PPi has 
approximately the same kinetic characteristics of the 
interaction of the dye with previously energized mem- 
branes, as far as the slow component is concerned. 
This experiment appears to indicate that addition 
of PPi produces an increase in ANS binding to.the 
membrane and that the time course of the fluorescence 
change reflects more the kinetics of the dye binding 
to the membrane than the kinetics of the onset of the 
energized state. 
4. Discussion 
Interaction of ANS with the membrane of 
Rhodospirillum rubrum chromatophores, results in a 
fluorescence increase of the dye indicating that ANS 
binding sites on the membrane have a character more 
hydrophobic than water. The fluorescence increase 
induced by PPi, ATP and succinate is related to the 
property of these substances of energizing the mem- 
brane, and is reversed or inhibited by agents, such as 
uncouplers (and oligomycin in the case of ATP) which 
interfere with energy conservation. These results ap- 
pear to be quite similar to what is observed in sub- 
mitochondrial particles, where ANS exhibits a fluor- 
escence increase associated with membrane energiza- 
tion [5, 131. 
It appears that the early events indicated by the 
rapid carotenoid band shift [ 171 can produce a mem- 
brane change followed by ANS binding changes. It is, 
however, also possible that a primary event of energy 
conservation can lead directly to ANS binding 
changes. The rate limiting event of the kinetics of 
ANS fluorescence changes obtained by ATP and PPi 
would appear to be the changes in binding of this 
fluorescent probe to its appropriate sites on the 
chromatophore membrane. 
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